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1 . I NTRODUCT 1 ON 
T h i s  r e p o r t  covers t h e  research performed under NASA Grant  NGR- 
47-005-077 d u r i n g  t h e  p e r i o d  June I ,  1967 th rough November 30, 1967. 
I n  o r d e r  t o  understand i n - d e t a i l  t h e  behav io r  o f  space v e h i c l e s  
i n  r a r e f i e d  atmospheres it i s  necessary t o  have s p e c i f i c  knowledge 
concerning t h e  i n t e r a c t i o n  of t h e  atoms and molecules o f  t h e  atmosphere 
w i t h  su r faces  o f  t h e  v e h i c l e ,  p a r t i c u l a r l y  f o r  p a r t i c l e  energ ies  
corresponding t o  space v e h i c l e  o r i b t a l  and escape v e l o c i t i e s .  The 
goal o f  t h e  present  research program I s  t o  i n v e s t i g a t e  t h e  mass spectrum 
r e s u l t i n g  when oxygen atoms, moving w i t h  s a t e l l i t e  v e l o c i t i e s ,  s t r i k e  
a s o l i d  sur face .  I n  a d d i t i o n  t o  adding t o  t h e  smal l  amount o f  i n f o r m a t i o n  
p r e s e n t l y  a v a i l a b l e  concerning p a r t i c l e - s u r f a c e  i n t e r a c t i o n s  a t  energ ies  
cor respond ing  t o  s a t e l l i t e  v e l o c i t i e s ,  t h e  resu t s  w i l l  be of p a r t i c u l a r  
va lue  i n  p r o v i d i n g  i n f o r m a t i o n  t h a t  w i i l  a i d  i n  t h e  i n t e r p r e t a t i o n  o f  
mass spec t romet r i c  s t u d i e s  of  t h e  n e u t r a l  cons t  t u e n t s  of t h e  e a r t h ' s  
upper atmosphere. 
I I .  SYSTEM CONSTRUCTION 
E f f o r t s  d u r i n g  t h i s  i n i t i a l  s i x  month p e r i o d  have been devoted 
t o  des ign  and c o n s t r u c t i o n  of t h e  vacuum system, i on  source, f o c u s i n g  
e lec t rodes ,  e tc . ,  and purchase of necessary equipment. The i o n  source 
and magnetic mass a n a l y s i s  chamber a r e  now complete and opera t i ng .  
ion  beams have been generated and t r a n s p o r t e d  th rough t h e  n e u t r a l i z a t i o n  
chamber. 
0- 
The n e u t r a l i z i n g  c e l l  has a l s o  been completed and p o s i t i o n e d  i n  
t h e  n e u t r a l i z a t i o n  chamber. Pressure i n  t h e  c e l l  w i l l  be mon i to red  by 
an i o n i z a t i o n  gauge loca ted  d i r e c t l y  on t h e  c e l l .  S l o w  i on  c o l l e c t i o n  
p l a t e s  a r e  mounted i n  t h e  c e l l  t o  p e r m i t ’ e l e c t r o n  detachment c r o s s  
s e c t i o n s  t o  be measured. 
By s u i t a b l y  employing t h e  hel ium r e f r i g e r a t o r  cryo-pump it w i l l  
be p o s s i b l e  t o  e l i m i n a t e  t h e  b u f f e r  chamber o r i g i n a l l y  designed t o  be 
loca ted  between t h e  n e u t r a l i z a t i o n  chamber and t h e  t a r g e t  chamber. 
I n  t h e  new design a long cy1 i n d r i c a  I tube, coo led  t o  20°K w i t h  t h e  
cryo-pump, w i l l  be p o s i t i o n e d  i n  t h e  t a r g e t  chamber immediate ly  down 
st ream of t h e  ent rance aper tu re  t o  t h e  t a r g e t  chamber. C a l c u l a t i o n s  
show t h a t  t h i s  arrangement w i l l  pe rm i t  us t o  ma in ta in  t h e  des i red  
t a r g e t  chamber p ressure  o f  Torr, w h i l e  e l i m i n a t i n g  t h e  b u f f e r  
chamber and reduc ing  t h e  d i s tance  between t h e  n e u t r a l i z i n g  c e l l  and 
t h e  t a r g e t .  The cryo-pump has been ordered and drawings of t h e  bake- 
ab le ,  s t a i n l e s s  s t e e l  t a r g e t  chamber a r e  be ing  prepared. I n  a d d i t i o n  
t o  t h e  cryo-pump t h e  t a r g e t  chamber w i l l  a l s o  be pumped by a l i q u i d  
n i t r o g e n  t rapped s i x  inch  o i l  d i f f u s i o n  pump. 
We have purchased a Granvi l l e - P h i l l i p s  Spectra-Scan 750 quadrupole 
mass ana lyze r  f o r  mass a n a l y s i s  o f  t h e  p a r t i c l e s  emerging from t h e  
sur face .  The quadrupole mass ana lyzer  w i l l  be suspended i n  t h e  t a r g e t  
chamber so as t o  i n t e r c e p t  t h e  maximum number o f  emerging p a r t i c l e s .  
The G r a n v i l l e - P h i l l i p s  inst rument  s a t i s f i e s  ou r  requi rements of h igh  
s e n s i t i v i t y  and a b i l i t y  t o  w i ths tand bak ing  a t  h i g h  temperatures.  
2 
To date  c o n s t r u c t i o n  o f  t h e  system has proceeded s a t i s f a c t o r i l y  
and on schedule.  The e n t i r e  system, b a r r i n g  unforeseen d i f f i c u l t i e s ,  
should be completed and i n  o p e r a t i o n  by t h e  end o f  t h e  c o n t r a c t  per iod .  
3 
I 1 I .  PREL I MI NARY DATA 
The i o n  source and mass a n a l y s i s  s e c t i o n  of  t h e  system has n o t  
been completed f o r  a s u f f i c i e n t  length of  t i m e  t o  p e r m i t  d e t a i l e d  
measurements o f  i o n  beam i n t e n s i t y ,  energy spread, e l e c t r o n  detachment 
c r o s s  sec t ions ,  e t c .  However, we have begun some p r e l i m i n a r y  i n v e s t i -  
g a t i o n s  of t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  o f  t h e  source when used for  
t h e  p r o d u c t i o n  of negat ive  ions.  
o f  p o s i t i v e  ions and has been thorough ly  i n v e s t i g a t e d . '  
r e l a t i v e l y  l i t t l e  exper ience has been gained u s i n g  t h e  source t o  pro- 
duce n e g a t i v e  ions.  Hence, o u r  i n i t i a l  e f f o r t s  have been d i r e c t e d  t o  
i n v e s t i g a t i n g  source o p e r a t i o n  f o r  t h e  p r o d u c t i o n  o f  negat ive  ions,  
i n  p a r t i c u l a r  0- ions.  
r e s u l t i n g  when pure  02(99.9%) i s  used as t h e  source gas. 
seen, t h e  o n l y  i m p u r i t y  ions present  a r e  0, and COT. 
smal l  q u a n t i t y  of 02(3.4%) i s  probably a consequence o f  t h e  h i g h  
bombarding e l e c t r o n  energy (100eV) used i n  t h e  source, most l i k e l y  
r e s u l t i n g  i n  a h i g h  degree o f  d i s s o c i a t i o n  o f  t h e  O2 source gas. The 
COT i o n  i s  a c t u a l l y  t h e  l a r g e s t  i m p u r i t y  i o n  peak (6.0%) and i s  p robab ly  
formed f rom carbon i m p u r i t i e s  present  i n  t h e  tungs ten  f i l a m e n t .  
The i o n  source we a r e  u s i n g  has proved t o  be an e f f i c i e n t  source 
However, 
F igure  I shows t h e  n e g a t i v e  i o n  spectrum 
As can be 
T h i s  s u r p r i s i n g l y  
F i g u r e  2 i s  t h e  o u t p u t  i o n  spectrum when pure  C02(99.95%) i s  used 
I m p u r i t y  ions Cs 0; and CO; a r e  p resent  i n  amounts as t h e  source gas. 
l . l%,  I .8%, and 25% r e s p e c t i v e l y ,  as we1 I as two u n i d e n t i f i e d  i o n  
peaks corresponding t o  masses 35.5(5. l%) and 37.4(2.7%). 
amount of OH-ions (2.7%) i s  due t o  t h e  f a c t  t h a t  t h i s  spectrum was 
taken soon a f t e r  pump down when a S I  i g h t  amount o f  water  vapor was 
s t i l l  p r e s e n t  i n  t h e  system. This was done d e l i b e r a t e l y  t o  i l l u s t r a t e  
t h e  mass r e s o l u t i o n  o f  t h e  system. 
peak d isappears (see F i g .  I ) .  
n e g l i g i b l e  t h e  h i g h e r  mass r e s o l u t i o n  ( A M I M  
s p e c t r a  i n  F igs .  I and 2 w i l l  not  be needed f o r  t h e  exper iment.  
The smal I 
With f u r t h e r  pumping t h i s  OH- i o n  
Since t h e  OH- i m p u r i t y  i o n  i s  comple te ly  
1/28) used t o  o b t a i n  t h e  
' "High E f f i c i e n c y  Low-Pressure Ion  Source," C. E. C a r l s t o n  and G. D. 
Magnuson, Rev. Sci.  I n s t r .  - 33, 905 (1962).  
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A t  t h e  p resen t  t ime, work ing  o n l y  w i t h  t h e  h i g h e r  mass r e s o l u t i o n  
c o n f i g u r a t i o n ,  we have been a b l e  to t r a n s p o r t  0- i o n  beams o f  400eV 
energy th rough t h e  n e u t r a l  i z i n g  cel I w i t h  an i n t e n s i t y  of 1 0 - I O A .  
l a r g e r  c u r r e n t s  w i l l  be r e a l i z e d  when t h e  d e f i n i n g  s l i t s  a r e  widened. 
Much 
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